Data were corrected for Lorentz and polarization factors.
The structure was solved by direct methods with SHELXS86 (Sheldrick, 1985) . The structure was refined using SHELX76 (Sheldrick, 1976) . H atoms were fixed geometrically. The perspective view of the title molecule was drawn using ORTEPII (Johnson, 1976) and geometrical analysis was performed using PARST (Nardelli, 1983) .
Lists of structure factors, anisotropic displacement parameters, Hatom coordinates and complete geometry have been deposited with the IUCr (Reference: MUll20). Copies may be obtained through The Managing Editor, International Union of Crystallography, 5 Abbey Square, Chester CH1 2HU, England. The title complex is a dark violet solid which is soluble in polar organic solvents, as well as in water. In solution the complex readily dissociates a phosphine ligand, as evidenced by changes in the electronic spectrum (391, 556nm bands are replaced by one at 463 nm) and the IR spectrum (asymmetric azide stretch at 2062 cm-l is replaced by 2053 cm-1). The solid may be stored in a sealed container below room temperature, but loses trimethylphosphine above 273 K over a period of several weeks.
Abstract
Five-coordinate Ni complexes are not abundant, but most of those which are known exhibit approximate trigonal bipyramidal (tbp) geometry. Distortion from tbp geometry is very slight in the present case, as indicated by the N1--Nil--P4 angle of 173.6(2) °. The metal atom lies 0.183 (1)A, from the equatorial plane defined by P1, P2 and P3, displaced toward P4. The point group symmetry of the cation is reduced from Cs to Cl since N2 and N3 of the azide ligand are neither eclipsed nor perfectly staggered with respect to the three equatorial P atoms. The P3--Nil--N1--N2 dihedral angle is -34.6 ° . Comparison of the overall geometry of [Ni(N3)(PMe3)a]BF4 with those of the related complexes [NiBr(PMe3)a]BF4 (Dartiguenave et al., 1978) and [NiBr{P(OMe)3}n]BF4 (Milbrath, Springer, Clardy & Verkade, 1975) Displacement ellipsoids are shown at the 50% probability level. H atoms are shown with arbitrary radii.
Treinin, 1971). Theoretical calculations (Rossi & Hoffmann, 1975) suggest that 7r-donor ligands (such as Br and N3) will prefer axial positions in d 8 tbp complexes. This is borne out only in the present case. The azide group itself is nearly linear with N1--N2--N3 174.9 (8) °. The Nil--N1 distance of 1.929 is somewhat short, but lies within the typical range of 1.93-2.12,4, (Doff & Ziolo, 1973) . It should be noted that axial bond lengths in tbp nickel complexes are typically a little shortened. The N1--N2 and N2--N3 distances are also typical. However, the metalazide bond angle, Nil--N1--N2, of 138.6 (5) ° is quite unusual. The generally accepted range is 117-128 ° (Doff & Ziolo, 1973) , although at least one significant outlier to this range is known: [Cp2Ti(N3)2] (de Gil, de Burguera, Rivera & Maxfield, 1977) , where the Ti--N--N angle is 137 °. In fact, the metal-azide bond angle in the present structure is, to our knowledge, the largest yet observed. This large metal-azide bond angle may be understood by examination of the contributing resonance structures (I)-(III):
Since most metal-azide bond angles are around 120 °, it is reasonable that form (II) (having sp 2 hybridization at the bound N atom) is usually dominant. On the other hand, the large metal-azide bond angle found in the title compound corresponds to a resonance hybrid between (II) and (liD. Resonance form (lid results from nitrogento-nickel Jr donation. The conclusion that the azide behaves as a strong 7r donor in [Ni(PMe3)n(N3)] ÷ is reasonable given the acceptor character of the phosphine ligands. The Nil--N1--N2 bond angle may also be influenced by crowding from the phosphine ligands. Each of the three P4---Nil--PX (X = 1, 2, 3) angles is approximately 94-95 ° .
Experimental
Nickel tetrafluoroborate was prepared from nickel carbonate and HBF4. Ni(BF4)2 and NaN3 (1 mmol of each) were dissolved in about 10 ml of H20. To this lime-green solution, 4 ml of 1 M PMe3 in tetrahydrofuran was added. Dark violet crystals precipitated and were collected after cooling the solution to 258 K. Suitable single crystals were grown over several weeks at room temperature from a concentrated CH2C12 solution layered with hexanes in a 3 mm i.d. tube. (/k, o) The structure was determined by Patterson methods and refined initially by use of programs in the SHELXTL/PC (Sheldrick, 1990) package, which was also used for the figure.
The quality of the solution was compromised somewhat by disorder in the BFg-ion. This disorder was modeled as two half-occupancy ions with individual isotropic displacement parameters, except for the parameters for the two B half-atoms which were constrained to be equal. All B--F distances were restrained to be similar with a standard deviation of 0.03 A,, as were all F...F distances within each ion. Only nine of the H atoms appeared in a difference map. Each H atom was introduced in an ideal position, riding on the atom to which it is bonded and refined with an isotropic temperature factor 20% greater than that of the parent atom. All other atoms were refined with anisotropic displacement parameters. The 12 methyl groups were allowed to rotate about their P---C bonds. Final refinement on F 2 was carried out using SHELXL93 (Sheldrick, 1993) . Data collection: XSCANS (Siemens, 1993 ). Cell refinement: XSCANS. Data reduction: XSCANS. Program(s) used to solve structure: SHELXTL/PC (Siemens, 1990 ). Program(s) used to refine structure: SHELXL93 (Sheldrick, 1993) . Molecular graphics: SHELXTL/PC. Software used to prepare material for publication: SHELXL93.
